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The mass spectrum of muon pairs in the range 5 to 15
GeV is studied in the inclusive reaction p + nucleus - p.+ +p
+ anything. The distribution is fitted by a form d’s/dmdy|__
- 2.60x 10753 exp (-0. 986 m) cm? Gev ™ L nucleon™ L. Compazison
with a parton annihilation model yields a sea quark distribution
xS(x)=0.6 ‘(1 - x)m. The transverse momentum distribution
of the continuum is independent of mass and has a <Pg > of
1,19 + 0.04 GeV. The T mean pp is 1.44 + 0.11 GeV. The
dependence of the continuum production cross section on target

atomic weight is presented.
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We have recentlyl’ . presented data on resonances observed in
dimuon production near 9.5 GeV. In this letter, we discuss the dimuon
continuum in the mass range 5 to 15 GeV: p + N —» pL+ +op o+ anything.
Results are based upon 26, OOO events observed in the collision of 400 GeV
protons with Be,' Cu and Pt nuclei.

The experimental apparatus has been described elsewhere, 1.3
Each arm of the double érm spectrometer accepts particles of either sign
emitted from 50 to 95 mr horizontally and within *12 mr vertically of the
incident proton beam. The acceptance as a function of the dilepton mass,
Prps p” and cos 6* (decay angie in dilepton rest system) is determined by
these apertures. The functional forms for the distributions of these vari-
ables used in the Monte Carlo calculation of the acceptance are suggested
by theoretical models, The parameters of these functions are determined
from the data. Limited acceptance in p" (or protoﬁ—nucleon center of mass
rapidity, y) is handled by expressing cross sections at the central va'tlue
y = 0; we are sensitive in the region -0.3 <y < 0.3. The residual model
dependence arises from limited acceptance in the polar decay angle 9*. In
the Gottfried-Jackson frame, we have assumed the form 1+ B cosze* and
calculated acceptances for 3= 0and 8= 1. We present the data below using
B = 1.0. For the hypothesis B = 0, there is a 27% increase in acceptance
(decrease in cross section) which is independent of Prp and mass.

There is enough acceptance to permit a study of the decay distribution
in the S-channel helicity frame (reference axis along the CM direction in

dilepton rest frame). In this frame the distribution is best fit with 8 = 0.



Table I presents the data, the background (obtained from the
like sign muon pairs), the mass acceptance, the differential cross
section (with background subtracted) per Pt nucleus, and the cross section
per nucleon.. Our subtraction of like sign muon pairs corrects for acci-
dentals and muons from the decays of correlated hadrons. We have alreadyl
demonstrated that resolution tails do not contaminate these data with spill-
over from lower mass dimuons.

The reduction of data to "per nucleon' cross sections requires a
knowledge of the A-dependence and a study of Fermi motion. We have
compared yields in Pt and Be 'as a function of dilepton mass. Assuming
o~ Aa, we find that « = 0.97 £ 0,05 averaged over the mass range 5—12
GeV, in agreement with earlier measuremén’cs. 5 However, in the following
we continue to reduce the data using @ = 1.0 until a more precise determi-
nation is made. The distributions in P follow the éame fits for the Be
target as for theth target, indicating that « is not a sensitive function of
dilepton p, for values of p, less than 3 GeV.° We note that the "nucleon"
in platinum is 60% n + 40% p.

Fermi motion increases the effective CM energy due to the approxi-
mately exponential increase of cross section with energy. 7 We estimated
this effect using both a simpie Fermi gas model with a maximum momentum
of 260 MeV and an experimentally determined Fermi momentum distribution.8
Using an energy dependence based upon mz/ s scaling, both calculations

predict a slope parameter b (Eq. 1) which is 0. 03 GeV-1 steeper for the



per nucleon cross section compared to that of a heavy nucleus. We have
divided by A and corrected for Fermi motion to obtain the last column of
Table I, Fig. 1, and Table IL

We have fit the resulting data, excluding the 9.0 -10. 8 GeV region,

with the form:

a2 -bm
dm dy = Ce (5.2 < mu+u— < 15) (1)
y=0
and find:
C = 2.60  0.02 x 10 °° em? GeV " nucleon”
b = 0.986 + 0.008 GeV *
)(2 = 76 for 78 degrees of freedom.

The errors shown are statistical., The dominant systematic uncer-

+ 0%

tainties in C are £15% due to Aa and
-27%

due to AB. In addition to these .
eventually measurable factors, there is an overall normalization uncertainty
of +25%. The systematic error in b is = 0.02 due to the Fermi motion
correction and acceptance uncertainties.

The dominant mechanism for producing the continuum of massive
lepton pairs in hadron collisions is expected to be the annihilation of quark-
antiquark pairs. 9 At y = 0, the annihilating antiquark from the quark-anti-
guark sea of one nucleon and the quark from the other nucleon will have Xy

=X, = m/Ns = x. For protons incident on platinum, assuming color and

neglecting Prs the model predicts:

2 2
do _ 8o 2 9 p N b N
dm dy y= N 3 Z e X (q &) ap )+ g &) q X)) . (2)



The functions Ay (x) (qE (X)) are the fractional momentum distribu-

tions for quarks (antiquarks) of flavor k and charge e _ (the superscripts

k
p and N label the beam proton and target nucleon respectively). Using the
quark momentum distributions defined by Feynman and Field10 yields the
prediction shown in Fig, 1. |

The further assumption that the sea of quark-antiquark pairs is SU(3)
symmetric, Uz (x) = q-a(x) = qg (x) = dg (x) = S(x), results in a further

simplification of Eq. (2):

d20' _ 8m a'z

dmdy

x5 {vWPe) + szN(x) - —gt xS S .
y=0 9m

szp (x) and szN (x) are the inelastic structure functions measured
directly in p-p and e-N inelastic scattering. 1 We find an excellent fit to
the data using

x S(x) = 0.6(1-X)10 0.2 < x < 0.5. ' (3)

Figure 1 shows several curves displaying the sensitivity to S (x).

The statistical precision of the dimuon data require that the effects of
scale breaking and quark transverse momenta on Eq. (2) be fully understood
before taking Eq. (3) seriously. Recently reported high statistics, high energy

lepton scattering data, 1,12

- combined with the dimuon data presented here,
will pose a tight constraint on the quark-parton model.

Table II presents the P distributions. The large statistical power
now clearly determines a shape which can no longer be fit by a simple eipo—

nential., 0 All the spectra, excluding the T region (9.0 - 10.5 GeV) can be

fitted by:



9 -6
P-
A (m) (1 + __(;_.'_];8__)_5_)

3
do
E 3

dp

i

y=0

The mean apd mean square pT's are plotted in Fig. 2 together with data13
at lower mass. There are several conclusions: i) the mean P of the
dilepton continuum is independent of mass above 5 GeV. ii) the T region
has a significantly higher < P > than the neighboring continuum (if the
continuum background is unfolo}ed, the T <pp> = 1.44 + 0.11 implying

a production mechanism which differs from that of the continuum). iii) my
scaling does not hold here, and iv) to the extent that the annihilation model
holds, the mean P measures directly the mean transverse momentum, kT ,
of the annihilating quarks ;14 in fact,

k2>—l< 2>
<SE¥p 2> = 3 SPp

so that the rms k;, of the quarks is of the order of ~ 1.0 GeV/ec.

In summary, we find in the mass range 5-15 GeV a remarkable
consistency between the quark-parton model interpretation of the dilepton
data and deep inelastic scattering results. In the context of this model we
measure the sea quark distribution and the initial state quark transverse
momenta. - Finally we note that the last row of Table I sets a significant

upper limit to the cross section for dilepton production from 15 to 27 GeV.
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Fig. 1.

. .
Cross section for p + 'nucleon'" - p p + X vs. the effective mass of
The curves are quark-antiquark annihilation model pre-

dictions assuming: solid curve, nms::a..snn'ed11 vW, and xS (x) = 0 6 (1-x)10;

long-short-dash curve, measured
dash curve, Feynman-Field

11 ,w, and xS(x) = 0.5(4 - x)8; short-
10 structure functions.
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Fig. 2. Mean p,, and mean square p of the muon pairs vs. effective mass.
The data of Branson et al. are from Ref. 13.



